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Objective: The aim of this study was to assess the effect of condensation pressure on 
microleakage of mineral trioxide aggregate (MTA). 
 Methods: This in vitro experimental study was conducted on 55 sound single-rooted 
straight-canal extracted human teeth. The teeth were sectioned at the cementoenamel 
junction (CEJ) and at 3 mm above the root apex. The roots were mounted in putty. 
Samples were then divided into three experimental groups (n=15) and positive and 
negative control groups (n=5). After filing of the root canals to file #50, white ProRoot 
MTA paste was prepared according to the manufacturer’s instruction and applied to the 
canals using condensation pressure of 0.44, 3.22 and 8.88 Mpa in groups one to three, 
respectively. After a 48-hour setting time, each root was connected to the fluid filtration 
system to measure microleakage. The mean microleakage rate of the groups was 
calculated and compared using one-way ANOVA and least significant difference test. 







µL/minute, respectively. One-way 
ANOVA showed that the mean microleakage rate was significantly different among the 
groups (P<0.05). The lowest microleakage was observed in condensation pressure of 
8.88 MPa. 
Conclusion: Within the limitations of this study, the results showed that increase 
in condensation pressure decreased the rate of microleakage. 
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Evidence shows that post-treatment 
microleakage is the most important cause of 
failure of endodontic treatment (1,2). 
Therefore, an appropriate root end filling 
material is essential in order to seal the apex.  
An ideal root end filling material must be 
biocompatible and have high sealing ability 
in order to prevent the leakage of stimulants 
from the root canal system into the 
periradicular tissues. To date, various root-
end filling materials have been tested for this 
purpose among which, MTA has shown a 
high success rate (3,4). 
Torabinejad et al. (3) introduced MTA in 
1993. At present, MTA is successfully used 
for furcal and root perforation repair and as 
a pulp-capping agent for vital pulp therapy. 
It is also used for single-session 
apexification and root end filling (5,6). With 
a pH of 12.5, MTA contains hydrophilic 
particles, which set in presence of moisture 
(7). The main ingredients of MTA powder 
include tri-calcium silicate, di-calcium 
silicate, tri-calcium aluminate and tetra-
calcium aluminoferrite (3,8). Primary setting 
time of MTA is four hours and during the 
first 72 hours following its setting, its bond 
strength to dentine increases significantly 
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(7). It also creates an effective seal and 
prevents bacterial penetration through the 
tooth-restoration interface (8,9). It has been 
shown that MTA creates a strong seal in 
presence of blood and moisture, which is 
highly favorable in cases of difficult 
isolation. It has been shown that the sealing 
ability of MTA is higher than that of 
amalgam and equal or higher than that of 
Super-EBA (7). 
Vizgirda et al. (10) in 2004 compared the 
sealing ability of MTA with laterally 
compacted gutta percha plus sealer and high 
temperature thermo-plasticized gutta percha 
with sealer in extracted teeth. They showed 
that gutta percha might create a better apical 
seal when compared to MTA, which was 
attributed to difficult handling of MTA (10). 
Various techniques have been suggested to 
overcome the problems related to placing 
MTA including manual and ultrasonic 
techniques.  
Aminoshariae et al. (7) in 2003 reported that 
manual compaction of MTA provided a 
better adaptation to the walls and created 
fewer voids than the ultrasonic technique. 
Yeung et al. (5) in 2006 compared the 
quality of compaction of MTA root canal 
fillings in manual compaction versus the 
manual compaction plus indirect ultrasonic 
technique, and concluded that the latter 
method provided a denser MTA in both 
straight and curved root canals. 
Basturk et al. (11) in 2014 evaluated the 
effect of mechanical and manual mixing on 
the flextural strength and porosity of MTA. 
They concluded that mechanical mixing did 
not have a significant advantage over 
manual mixing in terms of flextural strength 
and total porosity. Nekoofar et al. (8) in 
2007 studied the effect of condensation 
pressure on some physical properties of 
MTA. They showed that condensation 
pressure adversely affected the strength and 
hardness of MTA. It is believed that the 
condensation pressure of MTA directly 
influences its sealing ability. Literature 
indicates that MTA condensation pressure 
has a significant effect on MTA sealing 
ability and consequently MTA 
microleakage; however, the magnitude of 
this impact is not well known (8). Since 
apical leakage is considered as one of the 
most important causes of endodontic 
treatment failure, finding solutions to 
decrease leakage can increase the success of 
endodontic treatment. Based on the current 
available literature, there is a gap of 
information on the effect of condensation 
pressure on MTA microleakage. Therefore, 
the aim of this study was to assess the effect 
of compaction forces on microleakage of 




This in vitro experimental study was 
conducted on 55 extracted human permanent 
single-rooted teeth. Teeth with straight root 
canals, no calcification, no carious lesions or 
cracks were included. Sample size was 
calculated to be 15 in each group based on a 
previous study (10) and using sample size 
calculation formula taking into account %85 
power of study. 
Condensation pressure was considered as a 
continuous quantitative independent 
variable. Microleakage was considered as a 
quantitative dependent variable with 
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continuous scale and reported in micro liter 
per minute. 
The teeth were radiographed to ensure 
absence of cracks or root calcifications. 
They were then washed with 2.5% sodium 
hypochlorite solution (IPPC, Tehran, Iran). 
The samples were then stored in saline 
(IPPC, Tehran, Iran) to remain hydrated. A 
water-cooled, high-speed handpiece with a 
long #008 fissure bur (Diaswiss, Bern, 
Switzerland) was used to cut the crown at 
the CEJ and the root at 3 mm above the 
apex. Root canals were then filed, irrigated 
and shaped by passing the file 2 mm beyond 
the sectioned level using stainless steel files 
up to number 50 (Mani, Kiyohara, Japan). 
For the purpose of standardization, a #40 
nickel titanium rotary file (Mani, Kiyohara, 
Japan) was introduced into the canal 
(16mm) with 0.06 taper, as retrograde. Root 
canals were then cleaned and irrigated with 
15cc normal saline. The roots were wrapped 
in moist gauze until obturation. They were 
then mounted in putty to simulate spongy 
bone. 
The teeth were divided into three test groups 
of 15. Two extra groups (n=5) were also 
considered as positive and negative controls. 
In the positive control group, each tooth was 
filled with a gutta-percha cone (number 70) 
while in the negative control group, the teeth 
were filled with wax. The two control 
groups were used to calibrate the device. 
White ProRoot MTA (Dentsply Tulsa 
Dental, Johnson City, TN, USA) was mixed  
with distilled water according to the 
manufacturer’s instructions (powder to 
liquid ratio of 3 to 1)(12,13). Mounted 
specimens were placed on a digital scale 
(AND-GF 3000 Motorola Symbol, Munich, 
Germany) with an accuracy of 0.01g to 
calibrate the scale for each root piece 
(Figure 1).  
 Figure 1- Teeth mounted in putty on digital 
balance 
The MTA was packed into the root canals 
by an endodontic plugger (#4, Dentsply 
Maillefer, OH, USA) with a cross-section of  
0.8 mm exerting the following forces: 
Group A: 35±5g  Group B: 255±5g  Group 
C: 710±5g 
Load was converted to Megapascals for the 
purpose of easy comparison with other 
reported values. These values were recorded 
at 0.44 MPa for group A, 3.22 MPa for 
group B and 8.88 MPa for group C, 
respectively (8). 
All samples were placed on a digital scale 
for more precise checking of the 
implemented force. Samples were then 
radiographed to ensure absence of voids. 
Attempts were made to create 4mm 
thickness of apical plug in all samples 
(9,12,14).  
Moistened cotton balls were placed on top of 
the MTA plug in each specimen. The teeth 
were then removed from the impression 
material and wrapped in moist gauze. All 
filled root pieces were kept in ambient room 
temperature in moist gauze with 100% 
moisture for 48 hours to allow complete 
setting of MTA. Each specimen was then 
connected to a fluid filtration system 
designed for this study in order to assess the 
microleakage. Samples were fixed to an 
acrylic plate at the CEJ section (Figure 2). 
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The plate had a 28-gauge needle to connect 
to fluid filtration system with pressure set at 
30 Psi. A period of 15 minutes was allowed 
for widening of the pipe and stabilization of 
conditions. The rate of bubble flow was 
recorded for 10 minutes. To make the results 
comparable with those of other studies, the 
values were divided by 21020 to obtain the 
microleakage value in micro-liter per minute 
in pressure of one centimeter of water. The 
average rate of readings of liquid micro-
leakage was compared among the groups 
after one minute (9,15). The fluid filtration 
system was built based on a study by 
Derekson et al, in 1986 (16). 
 
Figure 2- Tooth fixed to an acrylic plate 
The collected data were analyzed using 
Kolmogorov-Smirnov (normality) test. 
Since the data were found to have normal 
distribution, one-way ANOVA was used for 
data analysis. Pairwise comparisons were 
carried out using the least significant 
difference test to find the differences in level 
of microleakage between the groups. 
Result 
 
The positive control group showed high 
levels of microleakage. The negative control 
group showed no microleakage. The highest 
level of mean microleakage was 1.70×10
-4
 
and was seen in group A while the lowest 
microleakage was 0.48×10
-4
 seen in group C 
(Table 1, Figure 3).  
Figure 3- Descriptive statist ics of microleakage 
rates in the three groups with different 
condensation pressures 
One-way ANOVA showed that there was a 
significant difference in microleakage 
among the tested groups (P=0.001). 
Significant differences were noted in the 
microleakage level between groups A and B 
(P=0.03) and groups A and C (P=0). Similar 
differences were observed in the 
microleakage level between groups B and C 
(P=0).  
The lowest microleakage rate was seen in 
group C. 





























The clinical use of MTA is increasing in 
various fields of dental profession (17). 
Optimal properties including 
biocompatibility, sealing ability and 
induction of pulp regeneration have been 
reported for MTA (18). Also, MTA has long 
been used as apical plug due to optimal 
sealing ability and relatively short curing 
time (17). A newly developed material 
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believed to have almost similar properties to 
those of MTA when it comes to sealing 
ability (9).  The current study was conducted 
on apical plugs 4mm in thickness similar to 
a previous study (8). 
Despite long-term use of various methods of 
microleakage assessment including dye 
penetration and bacterial leakage techniques, 
fluid filtration technique has been used more 
extensively for this purpose (9,15,16). The 
fluid filtration technique enables quantitative 
measurement and volumetric assessment of 
microleakage over a period of time and is a 
non-destructive method that allows repeated 
evaluation of microleakage in the same 
sample. This technique also provides a 
positive pressure, which helps to eliminate 
the problem caused by air or fluid 
entrapment in dye penetration method (19). 
The current results showed that the mean 
microleakage of MTA decreased by an 
increase in condensation pressure. The 
current findings also revealed that there was 
a significant difference in the rate of MTA 
microleakage with various condensation 
pressures (0.44, 3.22 and 8.88 MPa). The 
decrease in microleakage following an 
increase in condensation pressure could be 
attributed to maximum marginal adaptation 
of MTA, decreased formation of voids and 
less shrinkage following MTA 
polymerization. It could also be noted that as 
the condensation force increased, 
polymerization speed decreased, which in 
turn resulted in maximum marginal 
adaptation and reduced polymerization 
shrinkage (7).  
Mandava et al. (20) in 2015 evaluated 
microleakage around retrograde filling 
materials and showed that MTA had 
significantly less microleakage than 
Biodentine and light-cure glass ionomer 
cement. This may be due to the formation of 
hydroxyapatite-like crystals at the interface 
of material and canal wall, which result in 
superior adhesion and lower microleakage. 
Absence of MTA shrinkage and optimal 
sealing ability due to forming chemical 
bonds to the intra-canal dentin might be 
other reasons for low microleakage (21). It 
appears that lower microleakage of MTA 
supports its reliable use in the clinical 
setting. 
Kumbuloglu et al. (22) in 2004 and 
Piwowarczyk et al. (23) in 2007 stated that 
lower microleakage was due to higher forces 
preventing unfavorable shrinkage. It is 
believed that unfavorable shrinkage 
increases microleakage and decreases the 
bond strength. Higher forces reduce such 
unfavorable shrinkage and yield lower 
microleakage rates. 
Improved adaptation of MTA to the walls is 
considered as another reason for lower 
microleakage due to manual compaction. 
Aminoshariae et al. (7) in 2003 tested the 
extent of MTA adaptation to the walls of 
plastic tubes simulating root canals. They 
indicated that manual compaction led to 
better adaptation of MTA to tube walls and 
fewer voids than the ultrasonic method (7). 
The same may apply when working on teeth, 
and better adaptation may be achieved by 
manually packing the MTA into the root 
canals.  
To the best of authors’ knowledge, no 
previous study was found on the effect of 
condensation pressure on microleakage of 
MTA. Thus, we compared our findings with 
those of studies on the effects of compaction 
forces on physical properties of MTA. 
Yeung et al. (5) in 2006 concluded that 
ultrasonic forces cause MTA to become 
denser in both direct and curved root canals. 
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Nekoofar et al. (8) in 2007 concluded that 
condensation pressure affected the strength 
and hardness of MTA, in such a manner that 
higher compaction forces caused lower 
microhardness rates. It is probable that 
condensation pressure rate changes the 
molecular distance between water molecules 
and MTA particles and causes changes in 
the hydration process, which in turn may 
cause changes in the ideal powder to water 
ratio. This can also play a role in 
microleakage. Condensation pressure rate 
may also affect air entrainment and the 
number of voids formed within the material 
bulk. Nekoofar et al. (8) were in favor of 
lower condensation pressure while the 
current study showed that lower forces 
caused higher microleakage. It is noteworthy 
that the probability of tooth breakage should 
be taken into account as well, although there 
were no cases of breakage in the current 
study.  
Vizgirda et al. (10) in 2004 showed that 
gutta-percha created a better apical seal than 
MTA. A probable cause of weaker seal 
provided by MTA could be the higher forces 
required for placing and compacting MTA 
in root canal apical region. The results of the 
current study also showed that exerting 
higher forces to compress MTA would lead 
to lower microleakage rates and showed the 
positive effect of compaction on decreasing 
leakage. Also, the role of expertise and skills 
of the operators should not be overlooked 
since clinicians have a greater experience in 
working with gutta percha compared to 
MTA.  
Adequate sample size was the strength of the 
current study. Also, this study assessed the 
effect of compaction forces on microleakage 
of MTA, which has not been well evaluated 
before. However, the current study had an in 
vitro design. Oral environment cannot be 
well simulated in vitro; thus, generalization 
of in vitro findings to the clinical setting 
must be done with caution.  
The current study showed that higher 
compaction forces further decreased the 
microleakage of MTA but did not 
completely eliminate it. Thus, future studies 
should focus on other measures to minimize 
microleakage. Moreover, it should be kept in 
mind that compressive forces cannot exceed 
a certain limit since they may result in 
fracture. Thus, finding the optimal 
compaction force to minimize microleakage 
without increasing the risk of tooth fracture 
can be an interesting topic for future studies. 
Last but not least, factors affecting the 
microleakage of MTA in the clinical setting 




It seems that within the limitations of this 
study, increasing forces for condensation of 
MTA decreased the microleakage of root 
canals. There was a significant difference 
among the groups tested in favor of higher 
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